Although Li has been extensively observed in main-sequence field and cluster stars, there are relatively fewer observations of Be. We have obtained Keck HIRES spectra of 36 late F and early G dwarfs in order to study the Li-Be correlation we found previously in the temperature regime of 5900-6650 K. The sample size for this temperature range with detectable and (usually) depleted Li and Be is now 88, including Li and Be abundances in both cluster and field stars. Therefore we can now investigate the influence of other parameters such as age, temperature, and metallicity on the correlation. The Be spectra at 3130 8 were taken over six nights from 1999 November to 2002 January and have a spectral resolution of $48,000 and a median signal-to-noise ratio (S/ N) of 108 pixel À1 . We obtained Li spectra of 22 stars with the University of Hawaii 88 inch (2.2 m) telescope and coudé spectrograph with a spectral resolution of $70,000 and a median S/ N of 110 pixel À1 . We have redetermined the effective temperatures for all the stars and adopted other parameters from published data or empirical relations. The abundances of both Li and Be in the stars we observed were determined from spectrum synthesis with MOOG 2002. The previously observed Li equivalent widths for some of our Be stars were used with the new temperatures and MOOG 2002 in the ''blends'' mode. For the 46 field stars from this and earlier studies we find a linear relation between A(Li) and A( Be) with a slope of 0:375 AE 0:036. Over the T eff range 5900-6650 K, we find the modest scatter about the Be-Li relation to be significantly correlated with T eff and perhaps also [ Fe/ H]. Dividing the sample into two temperature regimes of 6300-6650 K (corresponding to the cool side of the Li-Be dip) and 5900-6300 K (corresponding to the Li ''plateau'') reveals possible small differences in the slopes for the two groups, 0:404 AE 0:034 and 0:365 AE 0:049, respectively. When we include the cluster stars ( Hyades, Pleiades, Praesepe, UMa Group, and Coma), the slope for the full temperature range (88 stars) is essentially the same, at 0:382 AE 0:030, as for the field stars alone. For the hotter temperature group of 35 Li-Be dip stars in the field and in clusters the slope is higher, at 0:433 AE 0:036, while for the cooler star group (54 stars) the slope is 0:337 AE 0:031, different by more than 1 . This small difference in the slope is predicted by the theory of rotationally induced mixing. The four stars with [ Fe/ H] less than À0.4 are all below the best-fit relation, i.e., there is more Be depletion at a given A( Li) or less Be ab initio. The youngest stars, i.e., Pleiades, have less depletion of both Li and Be. This too is predicted by rotationally induced slow mixing. Combining the Be results from both field and cluster stars, we find that there are stars with undepleted Be, i.e., near the meteoritic values of 1.42 dex, at all temperatures from 5500 to 6800 K. Depletions of Be of up to and even exceeding 2 orders of magnitude are common between 6000 and 6700 K.
INTRODUCTION
The most practical way to obtain information about the layers beneath stellar photospheres is through the study of the trio of rare light elements, Li, Be, and B. While Li observations alone can reveal whether the star depletes its surface Li by mixing it down to an interior temperature near 2:5 ; 10 6 K, adding Be observations provides another probe down to 3:5 ; 10 6 K. There is a large amount of information about the Li abundances in F and G dwarfs in both clusters and in field stars.
There is relatively less information on Be abundances because (1) it is more difficult to observe the resonance lines of Be ii near the atmospheric cutoff near 3000 8, (2) there is more line blending in that spectral region, which can blur the spectra of relatively slowly rotating stars, and (3) the spectrum synthesis requires knowledge of the UV opacity sources and effects and of the atomic parameters of many transitions.
Progress has been made in the simultaneous study of these two elements since the discovery by Boesgaard & Lavery (1986) that the star 110 Her ( F6 V) is depleted in both Li and Be, but has detectable amounts of both elements. Stephens et al. (1997) determined Be abundances in 59 F and G field stars that were Li-deficient and found another 12 stars that were depleted in Be, but have measurable, and depleted, Li. They presented arguments that showed (1) that the pattern of Li and Be depletion could best be explained by rotationally induced turbulent mixing and (2) that other proposed mechanisms (mass loss, microscopic diffusion, meridional circulation, or internal gravity waves) either failed or were far less satisfactory explanations. Deliyannis et al. (1998) have determined Li and Be abundances in 24 F dwarfs in the temperature range 6000-6700 K. Nine of those stars were depleted in both Li and Be yet had positive detections resulting in abundances of Li and Be, five others were undepleted in both Li and Be, and the remaining 10 had only upper limits on Li. They found a striking correlation between Li and Be abundances. These observations also were well matched by the predictions of models that include rotationally induced mixing and less well matched by the gravity-wave models. As in Stephens et al. (1997) both mass loss and diffusion below the surface convective zone were excluded. Boesgaard et al. (2001) obtained Be observations of an additional 46 solar-type stars at a spectral resolution of 120,000 at Canada-France-Hawaii Telescope and companion Li observations at the University of Hawaii ( UH ) 2.2 m coudé and Keck I HIRES. This increased sample size from 14 to 27 stars with detectable but depleted Li and Be. They found a linear relation between the logarithmic quantities A(Li) and A(Be) (A(element) ¼ log N (element)=N (H) ½ þ 12:00) with a slope of 0:359 AE 0:037. The range in temperature was limited to 5850-6680 K; all stars were main-sequence stars with nearsolar metallicity: ½Fe=H ¼ À0:40 to +0.15.
In addition, in recent studies we have determined Be abundances in open star clusters that had already been extensively observed for their Li abundances: the Hyades ( Boesgaard & King 2002) , the Pleiades and Per ( Boesgaard et al. 2003a ), Coma and UMa ( Boesgaard et al. 2003b) , and Praesepe ( Boesgaard et al. 2004a) . One virtue of using open clusters for this study is that the stars' ages are known; this is a much less certain parameter to obtain for field stars. These studies showed that like Li, Be undergoes depletion during mainsequence evolution in a narrow temperature range; the Li dip, first discovered by Boesgaard & Tripicco (1986) , is a Li-Be dip. A correlation was also found between A(Li) and A(Be) in the clusters for stars between 5900 and 6650 K with a slope of 0:43 AE 0:05 ( Boesgaard et al. 2004a ). There were enough stars to separate the investigation into two temperature subgroups: the more restricted range of 6300-6650 K-corresponding to the cool side of the Li-Be dip-and the Li plateau region of 5900-6300 K. There is a difference in the slopes: on the cool side of the dip it is steeper at 0:48 AE 0:08, while for the Li plateau it is 0:30 AE 0:05. The slope is shallower for the cooler stars as the convection zone deepens and more Li is depleted relative to Be.
In this paper we present new Be observations for 36 stars along with new Li observations for 22 of them. The Li observations preceded the Be ones and were used as a guide to select the stars to be studied for Be. That is, if a star had low Li, depleted but detected, it was thought to be a good candidate to further examine the Li-Be correlation. The other 14 stars have been observed for Li in other Li surveys. The results from this Be study in field F and G dwarfs can be added to those of Deliyannis et al. (1998) and Boesgaard et al. (2001) . The field star results can be compared with those in the young clusters cited above. The sample of field and cluster stars in the temperature range from 5900 to 6650 K becomes 88 with the addition of the stars in this paper. The increased statistics allow us to investigate the strongly correlated depletions of Li and Be, and also to study in more detail the influence of parameters such as temperature, age, and metallicity on this correlation.
OBSERVATIONS

Beryllium Observv ations
As described in the introduction, Be remains one of the most difficult elements to measure in stellar atmospheres, and its abundance determination must be done with care. All the Be spectra were taken with the Keck I 10 m telescope and the HIRES spectrometer with a Tektronix 2048 ; 2048 CCD ( Vogt et al. 1994) . The spectra were in the near-UV wavelengths of the Be ii resonance lines at 3130.421 and 3131.065 8, and have a 3 pixel spectral resolution of $48,000, or 0.021 8 pixel À1 . There were six nights of observation between 1999 November 13 ( UT ) to 2002 January 05 ( UT ). Depending on the magnitude of the field stars, the exposure times were 3-30 minutes. The bulk of these observations were obtained in the twilight hours for the bright stars. Typical signal-to-noise ratios (per pixel) in the Be ii line region are greater than 100; the median is 108 and the mean is 113. The log of observations can be found in Table 1 , with the HD and HR numbers (when available) of our objects, the V and B À V values from the General Catalog of Photometric Data (GCPD), and the nights of observation, exposure times, and signal-to-noise ratios (S/ N) just shortward of the Be ii blend. The data reduction was carried out using the routines in IRAF as described in Boesgaard & King (2002) .
Lithium Observv ations
The selection of the stars that were observed for Be was motivated in part by prior Li observations. In the early 1990s we made a survey of bright F and G dwarfs that had not been studied for Li. One objective of that survey was to search for stars with depleted but detectable Li. Then Be observations would be made of suitable candidates to determine if they were also depleted in Be. The Li survey was conducted on the UH 2.2 m telescope at the coudé focus with the longest focallength camera and a Tek 2048 2 CCD. This gave a dispersion of 0.040 8 pixel À1 and a spectral resolution of 70,000. These observations are also listed in Table 1 with dates, exposure times, and S/ N (per pixel). The median S/ N pixel À1 is 110. The data reduction procedures for the Li spectra were standard (see Boesgaard et al. 1998 ) and done with IRAF. Multiple spectra of the same star were co-added before fitting the continuum.
In addition, 13 stars (of the total of 36) had been observed earlier for Li by Lambert et al. (1991) , and one was newly observed by Lambert for us: HR 366. For that star two spectra were obtained with the cross-dispersed echelle spectrograph ( Tull et al. 1995) at the coudé focus of the 107 inch (2.7 m) telescope at the McDonald Observatory. It has a spectral resolution of 60,000 and a S/ N pixel À1 of 580.
3. ANALYSIS
Stellar Parameters
Atmospheric parameters for each star are needed to derive abundances from the spectra. Among them, the temperatures are the ones for which we must pay the most attention: an error in the temperature not only brings an error in the derived Li and Be abundances, but also prevents us from being certain whether a star is on the cool side of the Li-Be dip, between 6300 and 6650 K, and in the total temperature range of our correlation, 5900-6650 K.
To make sure our effective temperatures are on a consistent scale (to avoid a possible artificial scatter due to the multiplicity of the sources), we have redetermined all the stellar temperatures, including the stars for which a temperature measurement had already been done by Lambert et al. (1991) or Chen et al. (2001) . We used the following temperature calibrations:
T 3 ¼ 11320 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi À 2:3311 p for 2:595 < < 2:715;
The first three calibrations are from Saxner & Hammarbäck (1985) , T 4 and T 5 are from Magain (1987) , and the last one is from King (1993) . The photometric indexes required for these calibrations are mean values from the GCPD. When a calibration gave a temperature value that did not agree with the other ones, we did not include it in the mean. More precisely, when one T i was in disagreement with all the other T j by more than 75 K, it was not used. Table 2 gives the photometric indices, the six calculated temperatures, and the adopted temperature for each star, which is the mean of the selected values. We also show the scatter about the mean in these temperatures, which gives an idea of the uncertainty (random, but not systematic) for each stellar effective temperature; most are below AE50 K.
Among the 36 stars for which we took Be spectra, 13 had already been studied for their Li by Lambert et al. (1991) , 22 are part of our Li survey, and one was kindly observed for us by Dr. David L. Lambert.
In the case of stars from Lambert et al. (1991) we used the metallicities and log g values for nine of our stars studied for Li by Chen et al. (2001) ; for one star we used the data from Lambert et al. (1991) . The log g values of the other stars from our Li survey were taken from the Hipparcos survey results as determined by Allende Prieto & Lambert (1999) . These values are consistent with each other, although the mean difference for the 13 stars in common is +0:10 AE 0:12 in the sense that the Allende Prieto & Lambert values are slightly higher than those of Chen et al., but within the dispersion.
The metallicities of these stars were derived from the prescription of Edvardsson et al. (1993) from their and m 1 photometric indexes obtained from the GCPD. Finally, with the log g and T eff values we could determine the microturbulent velocities from the formula given by Edvardsson et al. (1993) . Columns (2)- (5) in Table 3 give the stellar parameters for each star.
We can compare the Li and Be abundance results for the field stars with those for the cluster stars and can demonstrate that the stellar parameters used in the cluster papers are consistent with those for the field stars. Results on Li are rather sensitive to T eff . We have calculated T eff for the Hyades stars exactly the same way that we did here with the six calibrations above. The temperature differences (in the sense of those in Boesgaard & King [2002] minus the ones from the six calibrations here) give a mean difference of +8 AE 29 K. So we can conclude that the T eff values are consistent. The Be abundances are more sensitive to log g. In this paper our primary source for log g is in Allende Prieto & Lambert (1999) . We used that source for the Hyades and compared that result with the log g values in Boesgaard & King (2002) . The mean difference in log g from the two methods is 0:04 AE 0:05. This shows that the values are consistent for log g also.
Beryllium Analysis
We derived Be abundances from the reduced spectra using the spectrum synthesis method exclusively, as described, for example, in Boesgaard & King (2002) . Using the stellar parameters previously determined, we made model atmospheres from the Kurucz (1993) grid. We used the MOOG 2002 2 program (Sneden 1973) to build synthetic spectra in the Be line region for each of the 36 stars with the line list used in our earlier papers (modified from the Kurucz list). The Be abundances found this way are given in Table 3 . The corresponding uncertainties are evaluated as in Boesgaard et al. (2003a) . As in our previous Be studies, we find that the uncertainties in A( Be) come from errors in T eff (ÁT is typically AE50 K), log g (the uncertainty is near AE0.2), and the line broadening, which smears out the blends. The broadening is due to rotation and becomes important for v sin i > 15 km s À1 . In the presence of sharp lines, Be abundances are generally derived with a reasonable error between 0.05 and 0.10 dex. However, a star like HR 313 has such broad lines that the Be abundance uncertainty reaches 0.26 dex. Examples of the Be synthesis fits are shown in Figures 1  and 2 . The Be abundances and 1 random errors in A(Be) are given in Table 3 .
Lithium Analysis
For the stars in Lambert et al. (1991) we rederived Li abundances from their equivalent widths with MOOG 2002. For this we used the newly determined stellar parameters from the previous section. Our new Li abundances, given in Table 3 , are similar to the previous values from Lambert et al., however, we found a mean shift of +0.075 between the two sets of data, with 10 stars of 13 increasing between +0.06 and 0.09 dex.
The Li abundances from our own Li survey were determined both from equivalent widths and spectrum synthesis, using MOOG 2002 and the stellar parameters from the previous section in both cases. (The atomic data in the line list are 2 MOOG is available on-line at http://verdi.as.utexas.edu/moog.html. Lambert et al. (1991) with our T eff ; <x.x: upper limit equivalent width in m8 from the Cayrel (1988) formula; syn: spectrum synthesis from our Li spectra.
from Andersen et al. 1984 and include hyperfine structure.) The results of the two methods were generally in excellent agreement with each other. However, we prefer the spectrum synthesis method, as we also fit two neighboring Fe i lines at k6703 and k6705; this improves the reliability of the Li abundance determination, especially for the value for the line broadening. When the stellar spectra did not present a significant Li line, we derived upper limit abundances exclusively from upper limit equivalent widths. We used the 3 upper limit to the equivalent widths calculated from the Cayrel (1988) formula (see Boesgaard et al. 2001) . Examples of the spectrum synthesis in the Li region are shown in Figures 3 and 4 . The values of A( Li) and the type of Li analysis performed are given in Table 3 .
BERYLLIUM IN F AND G DWARFS
We have assembled the data for A( Be) in field stars from this paper, the ''Gecko'' paper ( Boesgaard et al. 2001) , and the ''Correlated depletions'' paper and added the open cluster A( Be) results for Hyades, Coma, UMa, Pleiades, Per, and Praesepe ( Boesgaard et al. 2003a ( Boesgaard et al. , 2003b ( Boesgaard et al. , 2004a and the Be abundances of Santos et al. (2002) for stars that are planet hosts. These values of A( Be) are shown as a function of T eff in Figure 5 .
There are stars with Be abundances at or near the meteoritic Be abundance of 1.42 at all temperatures. The cluster stars show Be deficiencies in the Li-Be dip region, but the depletions are no more than an order of magnitude. The field stars can show large Be deficiencies (and upper limits) for stars between 5800 and 6700 K by more than 2 orders of magnitude. Cooler than 5700 K the relatively young cluster stars show little or no Be depletions, but the field stars can be Be-deficient by up to a factor of 4 or a little more. There are effects of both age and mass here. The young cluster stars in the Li-Be dip region show either no Be depletion (e.g., Pleiades stars) or relatively small Be depletions of up to a factor of 10. Some field stars, presumably the young ones, show no Be depletion in the dip region while others are depleted in Be by 100 times. These latter stars may have had high initial rotation and /or are older having had more time to deplete Be. These large Be depletions occur throughout the temperature domain of 5800-6700 K. The lower mass stars, cooler than 5700 K, show only small Be depletions; the young stars show little or no depletion while (presumably older) field stars can be depleted by 0.6 dex.
These same stars are shown with their [ Fe/ H] values in Figure 6 . At solar metallicity (0:0 AE 0:2) the full range of A( Be) of more than two orders of magnitude is seen. This range in A(Be) extends to ½Fe= H ¼ À0:3. There appears to be an upper envelope in A( Be) as a function of [ Fe/ H] as shown in Boesgaard et al. (2001) and Boesgaard et al. (2004b) . (Boesgaard & King 2002 , Boesgaard et al. 2004a , the Pleiades and 4 Per (Boesgaard et al. 2003a ), Coma and UMa (Boesgaard et al. 2003b) , and Praesepe (Boesgaard et al. 2004a ). The plus signs are the stars with exoplanets from Santos et al. (2002) . See text (x 4) for discussion. Although this upper envelope is not well determined by this sample, the slope between A(Be) and [Fe/H] is $0.7.
Li-Be CORRELATION
Field Stars
The major goal of this study is to examine the correlated depletions of Li and Be in temperature range of 5900-6650 K. These additional stars allow us to investigate the temperature sensitivity of this correlation and whether there is a metallicity dependence. We have examined the age factor in our study of open cluster F and early G dwarfs ( Boesgaard et al. 2004a ); the youngest cluster, Pleiades at 70 Myr, has the least depletion of both Li and Be.
We have investigated the Li-Be correlation for the entire temperature range of 5900-6650 K, and we also form two subgroups: (1) 6300-6650 K corresponding to the cool side of the Li-Be dip and (2) 5900-6300 K corresponding to the ''Li plateau.'' Both temperature groups were established from the Li-T eff diagram for the Hyades (see Fig. 9 in Boesgaard 2004) . We can compare the field stars and the cluster stars. In the cooler temperature group there is very little Be depletion in the young clusters. Figure 7 shows the results for the field stars from this paper and from previous papers (see Boesgaard et al. 2001 for a tabulation) for the temperature range 5900-6650 K. The dashdotted line is the least-squares fit to all the data, not weighted by the error bars. This relation is Although the slopes are similar for the two temperature subgroups, there is an offset of 0.25 dex in the sense that the hotter stars deplete more Be than the cooler ones. This was noted in the earlier field-star paper and is also true in the cluster work. The largest Be depletions occur in the middle of the Li-Be dip. Furthermore, this is predicted by the models of Deliyannis & Pinsonneault (1997) for rotationally induced mixing; see Stephens et al. (1997) for additional discussion.
We tried to examine whether there is an effect due to metallicity on this correlation. Our sample does not cover a large range in [Fe/H], but our four lowest metallicity stars (HR 2835, HR 4572, HD 11592, and HD 208906) all fall below the leastsquares fit line in the 5900-6300 K temperature range. These stars have somewhat more Be depletion for their Li abundance than the solar metallicity stars-or they had less Be ab initio. The relation between A(Be) and [Fe/H] shown by Boesgaard et al. (2004b) shows a trend such that the lower metallicity stars have less Be: A(Be) ¼ 0:38½Fe= H þ 1:21. Observations indicate they would have less Li also, e.g., Boesgaard et al. (2004b) .
We can also add the Li and Be abundances from the work of Stephens et al. (1997) for three additional cool stars ( HR 6775, HR 8514, and HR 8969); these stars fall perfectly in the midst of ours in Figure 8b . From Santos et al. (2002) there are two additional hot stars ( HR 7973 and HR 8205); one of these fits our relation well, but the other, HR 8205 at 2.35, 0.46, seems either too high in Li or overly depleted in Be.
Field and Cluster Stars
As noted in x 3.1, the stellar parameter scales for the field stars and the cluster stars are consistent with each other, so we can combine the results of these samples. The Li and Be abundances for the total sample of 88 stars (46 field stars and 42 cluster stars) in the full temperature range of 5900-6650 K are shown in Figure 9 . The individual error bars have been replaced by a single, typical error bar in order to clarify the trend. The least-squares fit is given by A(Be) ¼ 0:382(AE0:030) A(Li) þ 0:105(AE0:078) for 88 cluster and field stars with T ¼ 5900 6650 K.
This relation is very close to that given above for the 46 field stars, only with a slope of 0:375 AE 0:036. As shown by Deliyannis et al. (1998) , this relation is well matched by rotation models of Deliyannis & Pinsonneault (1997) and Charbonnel et al. (1994) .
The temperature sensitivity of this Li-Be correlation can be seen in the differences in Figures 10 and 11 for the full sample of field and cluster stars. That fit is shown as a dash-dotted line, while the light dotted line shows the fit for the hotter Li-Be dip stars. These two figures show the temperature effect on the Li-Be correlation. In the hotter stars there is more Be depletion at a given Li depletion. As Li is depleted by a factor of 100, Be is depleted by a factor of 7.3 in the hotter stars and by 4.7 in the cooler stars. Deliyannis et al. (1998) compared the relatively sparse data on Li and Be with the predictions of depletion by diffusion, mass loss, and mixing induced by rotation and by gravity waves. Both diffusion and mass loss could be ruled out. Here we examine anew the predictions for rotationally induced mixing of Deliyannis & Pinsonneault (1997) . Figure 12 shows the fit to the observations from Figure 11 (the cooler sample of stars) with their model predictions at temperatures of 5950, 6050, 6150, and 6300 K. They are shown for three ages, 0.1, 1.7, and 4.0 Gyr, and two different initial rotation velocities, 10 and 30 km s À1 . The models and the observations fit well when we use, as we do here, an initial value of A(Be) ¼ 1:28 for the models. This is a value obtained from the average of the upper 70 field and cluster stars in Figure 5 .
The predictions for the youngest stars are in the upper right, with little depletion of Li or Be. For the young stars with the larger v ini of 30 km s À1 there is more depletion of both elements. The oldest stars with the highest v ini have the most depletion. The trend of the models matches the observations very well. If the initial value for A(Be) is taken to be the meteoritic value 1.42, then there is an offset between the observations and the predictions. The offset is in the sense of more Li depletion by 0.4 dex, more Be depletion by 0.13 dex, or, more likely, some depletion of both. Similarly, the predictions of Charbonnel et al. (1994) of the effect of rotation on Li and Be depletion for their oldest model stars at 1.7 Gyr also fit the observations well. [With initial A( Be) ¼ 1:42 their model predictions are also above our best fit for the observations.] The youngest models have the least depletion, and the more rapid rotators in each age group have greater depletion. In comparing the model predictions with the Li and Be abundances in the Hyades, Boesgaard & King (2002) found that the Be predictions matched the observations very well, but that Li was overdepleted in the models in the temperature range of 5900-6300 K.
For the higher temperature stars ( Fig. 10 ) it is more difficult to make the comparisons with the models because Li and Be both plummet toward the center of the Li-Be dip. Comparison can be made for the models at 0.1 and 1.7 Gyr isochrones at Deliyannis & Pinsonneault (1997) for Li and Be depletion due to rotationally induced mixing compared to our observations. The dash-dotted line is the fit for the data in Fig. 11 for the temperature range from 5900 to 6300 K. The predictions for A(Li) and A(Be) from the age of 4 Gyr are given by squares, with open squares for v init ¼ 10 km s À1 and crossed squares for v init ¼ 30 km s À1 . Similarly, the predictions for 1.7 Gyr are shown by circles and crossed circles for 10 and 30 km s À1 , and for 0.1 Gyr by hexagons and crossed hexagons. The model temperatures for the points are 5950, 6050, 6150, and 6300 K. Note that the y-axis corresponds to an initial A( Be) of 1.28 for these models rather than the meteoritic value of 1.42. 6400 and 6475 K. Again, the model predictions are good with an initial Be of 1.28.
Moving beyond the formalism of these subgroups, we find that the residuals about the mean Be-Li mean relation in Figure 9 appear to be continuous functions of T eff and metallicity. We took the Be and Li results from this paper and Boesgaard et al. (2001) for stars in the temperature range 5900-6650 K. For each star we took the observed A(Be) and subtracted the value of A( Be) on the observed fit at that A(Li), i.e., the displacement of the observed A( Be) above or below the least-squares, best-fit line, ÁA(Be). The left panel of Figure 13 shows those residuals versus effective temperature. Both the ordinary linear and Spearman rank correlation coefficients indicate a correlation significant at !99.998% confidence level. Both the linear correlation coefficient and the Spearman coefficient, however, suggest that only a slight majority (50%-60%) of the variance in the residuals is associated with T eff differences. The right panel of Figure 13 , which shows the residuals about a least-squares fit to the residual data in the left panel of Figure 13 versus [Fe/ H], offers suggestive evidence that metallicity may also contribute to the scatter about the mean Li-Be relation in Figure 9 ; the ordinary linear and Spearman coefficients indicate correlations significant at the 99.6% and 90.0% confidence levels, respectively. For the full range in T eff of 5900-6650 K there is a temperature dependence and a slight metallicity dependence in the relationship between A(Li) and A(Be).
SUMMARY AND CONCLUSIONS
The light element Be has not been as extensively observed as its predecessor on the periodic table, Li, because of the greater difficulty of the observations of Be. We have determined Be and Li abundances in 36 F and early G dwarfs. The major purpose was to investigate the correlation between A(Li) and A( Be) first found by Deliyannis et al. (1998) for a short temperature range of 5900-6650 K. Our sample of cluster and field stars in this temperature range with abundances (not upper limits) of both Li and Be is now 88 stars. Because of the large number of stars, we can investigate the effects of temperature, age, and metallicity on this correlation.
The Be spectra are from Keck I HIRES and have a spectral resolution of $48,000 and a median S/ N of 108 pixel À1 . The Li spectra are primarily from the longest camera of the coudé spectrograph of the UH 2.2 m telescope and have a spectral resolution of $70,000 and a median S/ N of 110 pixel À1 .
Abundances of both Be and Li have been determined by spectrum synthesis, except for the stars for which only upper limits could be found for A(Li). For the sample of 46 field stars from this and previous papers we find a correlation between the logarithmic quantities A(Li) and A( Be) with a slope of 0:375 AE 0:036. When we include the 42 cluster stars for the total sample of 88, we find a slope of 0:382 AE 0:030, i.e., virtually identical. This general trend is predicted by the models that include stellar rotation and consequent mixing, although the models do not predict as much depletion as is observed.
We have divided the stars into two temperature groups: the hotter sample, 6650 > T eA > 6300 K, which corresponds to the cool side of the Li-Be dip and the cooler stars, 6300 > T eA > 5900 K, corresponding to the Li-plateau region. We find a small difference in slope for the two groups with the hotter stars having a steeper slope. For the 35 hotter stars the slope is 0:433 AE 0:036, while the 54 cooler stars have a slope of 0:337 AE 0:031. The models of rotationally induced mixing of Deliyannis & Pinsonneault (1997) and of Charbonnel et al. (1994) predict greater depletion of Li and Be in the Li-Be dip region and more Li depletion relative to Be, thus a steeper slope for the hotter stars than for the cooler stars. The model predictions are a good match to the observations with an initial value of A(Be) ¼ 1:28 from the mean stellar value of 70 stars. But if the meteoritic value of A(Be) ¼ 1:42 is used, there is an offset in the sense that the stars have larger depletions than the models.
Age is an important effect as the depletions come from slow mixing, and the younger cluster stars have less Li and Be depletion; this can be seen in the papers about Be in open clusters, summarized by Boesgaard et al. (2004a) . Metallicity effects either do not exist for [Fe/ H] in our range of À0.45 to +0.11, or they are hidden by the errors in the abundance determinations. The four stars with ½Fe= H < À0:50 all fall below the best-fit line. This could be because of more depletion of Li and Be in these stars or because of lower initial abundances.
